Background-Helicobacter pylori dupA can be divided into two types according to the presence or absence of the mutation. In addition, full-sequenced data revealed that dupA has two types with
Introduction
Helicobacter pylori infection is now accepted to be linked to severe gastritis-associated diseases, including peptic ulcer and gastric cancer (GC) (1) . The infection remains latent in the majority of infected patients, only a minority of individuals with H. pylori infection ever develop it (2) . In addition to host, environmental, and dietary factors, another possible reason for the varying outcomes of H. pylori infection relates to differences in the virulence of H. pylori strains.
Several H. pylori virulence factors associated with peptic ulcer and GC have been reported, including cagA, vacA, babA and oipA (1, (3) (4) (5) (6) . However, no such factors have been exclusively linked to a specific H. pylori-related disease (e.g., GC). In 2005, our group (7) described a novel virulence factor; duodenal ulcer promoting (dupA) gene, which located in the plasticity region of the H. pylori genome. dupA is homologous to virB4, a gene encoding a component protein of the type IV secretion system (T4SS). We reported that infections with dupA-positive strains increased the risk for duodenal ulcer (DU) but were protective against GC both in Asian and Western countries (7) . However, roles of dupA were still controversial since several studies were unable to reproduce the observation in other populations (8) (9) (10) (11) (12) .
Recent full-sequenced data of H. pylori revealed that the length of the dupA open reading frame (ORF) depends on the strains; that of strains Shi470 and G27 have approximately 600 bp longer ORF (approximately 2,500 bp) than that of strain J99 due to the additional 5' region of dupA (13, 14) . This suggests that dupA has two genotypes according to the sequence of the putative 5' region (presence; long-type and absence; short-type); however all previous studies did not take the additional 5' region into account. In addition, previous studies indicated that some strains have a presence of mutations in dupA, which created a premature stop codon (10, 15, 16) . Hussein et al. recently classified a dupA allele with 1,884 bp (short-type) as dupA1 and a truncated version by the mutations as dupA2 (15) . They also mentioned the presence of the long-type in "Note added in proof" (15) . We hypothesized that only intact dupA (i.e., long-type without frameshift mutation) is a real virulence marker for severe outcomes. We therefore examined the dupA genotypes, presence of mutations, and the association with clinical outcomes in Okinawan subpopulation in Japan.
Methods

Patients
H. pylori strains were obtained from the gastric mucosa of H. pylori-infected patients who underwent endoscopy at University of the Ryukyus (Okinawa, Japan) between February 1993 and March 2005. We included patients with H. pylori infection confirmed by culture.
Gastritis, DU, gastric ulcer (GU), and GC were identified by endoscopy, and GC was further confirmed by histopathology. Patients with a history of gastric resection were excluded. Written informed consent was obtained from the all participants, and the protocol was approved by the Ethics Committee of University of the Ryukyus.
Isolation and genotyping of H. pylori
Antral biopsy specimens were obtained for isolation of H. pylori using standard culture methods (17) . H. pylori DNA was extracted from confluent plate cultures using a commercially available kit (QIAGEN, Valencia, CA). The dupA status and the presence of cagA were determined by polymerase chain reaction (PCR). The presence of long-type dupA was determined with the primer sets (dupA-F2 and dupA-R2) according to the dupA sequence of strain Shi470 deposited in Genbank (Table 1 and Figure 1 ). dupA-F2 primer was located on the start codon which include the approximately 600 bp 5'-region of dupA of strain Shi470, which were absent in strain J99. dupA-R2 primer was located on the end of dupA of strain Shi470. We confirmed these regions were well conserved by BLAST search. These primers generated PCR products with 2,499 bp in strain Shi470. Amplification of H. pylori genomic DNA sequences was performed in a total volume of 50 µL containing 5 µL of PCR buffer, 2.5mM MgCl 2 , 2.5 mM of each deoxynucleotide, 2.5 U of Takara LA Taq® (Takara Biotechnology Co., LTD, Japan), 0.2 µM of each primer, and more than 10 ng of H. pylori DNA. The PCR conditions were initial denaturation for 5 min at 95°C, 35 amplification steps (95°C for 30 s, 56°C for 30 s, and 72°C for 30 s), and a final extension cycle of 7 min at 72°C.
The status of cagA was determined by PCR for conserved region of cagA and for direct sequencing using primer pair cagTF; 5′-ACC CTA GTC GGT AAT GGG-3′ and cagTR; 5′-GCT TTA GCT TCT GAY ACY GC-3′ (Y = C or T) designed in the 3′ repeat region of cagA, as described previously (18) . We also constructed a new primer pair, cagOMF; 5′-AGC AAA AAG CGA CCT TGA AA-3′ and cagOMR; 5′-ATT CAC GAG CTT GAG CCA CT-3′, to exclude the false negative cases (19) . The PCR conditions were initial denaturation for 5 min at 95°C, 35 amplification steps (95°C for 30 s, 56°C for 30 s, and 72°C for 30 s), and a final extension cycle of 7 min at 72°C, using Blend Taq® DNA polymerase (TOYOBO, Japan). These primers generated PCR products with approximately 500 to 950 bp depend on the number of the repeat sequences. The absence of cagA was confirmed by the presence of cagA empty site using primer pair (Luni1 and R5280), as previously described (20) .
Nucleotide sequence of dupA
To examine the presence of mutations in dupA, we performed DNA sequencing. First, we used primer pairs (dupA-F0, dupA-F1 and dupA-R1) to generate the PCR product including the long-type dupA. dupA-F1, dupA-F0 and dupA-R1 primers were located in HPSH_0425 and HPSH_0410 of strain Shi470, respectively. These primer pairs (dupA-F0 and dupA-R1, dupA-F1 and dupA-R1) generated PCR products with 3,096 and 2,918 bp in strain Shi470, respectively. The PCR conditions of these primers were the same as the case of primer pair dupA-F2 and dupA-R2. Six primers (dupA-F2, dupA-F3, dupA-F4, dupA-F5, dupA-F6, dupA-F7) were used for DNA sequencing by using PCR product of dupA-F0 and dupA-R1, dupA-F1 dupA-R1 as shown in Table 2 . In case primer pairs (dupA-F0 and dupA-R1, dupA-F1 dupA-R1) did not show positive band, we used PCR product using dupA-F2 and dupA-R2. In such case, we used reverse primer F3R, which reverse sequence of dupA-F3 primer to confirm the sequence around the start codon. In case primers (dupA-F2 and dupA-R2) did not show the positive bands, the presence of short-type dupA was determined with the primer sets (dupA-F5 and dupA-R3) according to the dupA sequence deposited in Genbank ( Figure 1 ). dupA-F5 were designed by Lu et al. (7) . This primer pair generated PCR products with 468 bp in strain Shi470.
PCR products were purified with QIAquick Purification Kit (QIAGEN Inc., Santa Clarita, CA) and DNA direct sequencing was performed using AB 3130 Genetic Analyzer (Applied Biosystems by Life Technologies, Carlsbad, CA) according to the manufacturer's instruction.
Statistical analysis
The univariate association was quantified by the chi-square test. A multivariate logistic regression model was used to calculate the odds ratios (OR) and 95% confidence interval (CI) of the clinical outcomes by including age, gender, and H. pylori genotypes. Spearman rank coefficients (r) were also determined to evaluate the association between cagA and intact long-type dupA. A P value of less than 0.05 was accepted as statistically significant.
The SPSS statistical software package version 18.0 (SPSS, Inc., Chicago, IL) was used for all statistical analyses.
Results
The full-length of dupA in the full-sequenced H. pylori strains By November 2011, full-sequenced data of 31 H. pylori strains were deposited in Genbank. Among them, 12 strains have dupA and their dupA structure was shown in Figure 1 . The length of dupA (2,499 bp) in strain Shi470, Cuz20, SouthAfrica7, F57, Puno135 and SNT49 have approximately 600 bp longer than that of strain J99 due to further extension in the 5' region of dupA. Strain G27 also has this additional sequence in the 5' region of dupA; however this strain contains stop codon at position of 1,184 bp in dupA. Strain Gambia94/24 has similar length of dupA with J99. Strain 908, and its chronological sub-clones (strains 2017 and 2018) also has similar length of dupA with J99; however, this gene was reported to be located out of ORF.
The prevalence of intact long-type dupA and cagA A total of 319 patients (196 males and 123 females, mean age 55.5±13.9 years, 88 with gastritis, 114 with DU, 95 with GU, and 22 with GC) were included in this study. To examine the presence of long-type dupA, we used primer sets (dupA-F2 and dupA-R2) according to the dupA sequence of strain Shi470 (Figure 1 ). The prevalence of long-type dupA was 26.3% (84/319) ( Table 3 ). On the other hand, the prevalence of short-type dupA was 6.6% (21/319).
Previous reports showed that approximately 16-29% of dupA was truncated due to insertion/deletion in the gene (10, 16) . It suggests that even though the strain has long-type dupA, if dupA is truncated by mutations, it will be non-functional. We therefore checked the prevalence of frameshift mutations among strains with long-type dupA. Full-length sequence of dupA was completed in all 84 strains with long-type dupA. Among them, frameshift mutation was found in only six strains (7.1%), which were isolated from patients with 2 gastritis, 1 DU and 3 GU. These strains can be considered as non-intact long-type dupA. As a result, the prevalence of intact long-type dupA was 24.5% (78/319).
The prevalence of cagA was overall 87.5% (279/319). There was a significant positive correlation between the presence of cagA and intact long-type dupA (r = 0.12, P = 0.02).
The association between intact long-type dupA and cagA with clinical outcomes
The prevalence of intact long-type dupA was significantly higher in strains from patients with GU and GC than that from gastritis (34.7, 36.4, and 13.6%, P = 0.001, P = 0.019, respectively) ( Table 3 ). That of DU was also higher than that from gastritis (21.9 vs. 13.6%); however the differences did not reach statistical significance (P = 0.13). The prevalence of short-type dupA was not significantly different among different clinical outcomes (gastritis 5.7%, DU 5.3%, GU 9.5%, and GC 4.5%, respectively). The prevalence of cagA was significantly higher in strains from patients with DU than that from gastritis (90.4 vs. 80.7%, P = 0.04), whereas the prevalence of cagA was not significantly different between the strains from patients with GU, GC and gastritis (P = 0.14 and 0.08, respectively).
After adjustment by age, gender and cagA in multivariate analysis, the presence of intact long-type dupA was significantly associated with GU compared with gastritis (OR = 3.35, 95% CI = 1.55-7.24) (Table 4) . Similarly, intact long-type dupA was independently associated with GC (OR = 4.14, 95% CI = 1.23-13.94). These data suggests that intact longtype dupA is superior marker for the risk of developing GU and GC to the presence of cagA.
Nucleotide sequence accession numbers
Nucleotide sequences of long-type dupA are available under the DDBJ accession numbers xxxx to xxxx (under submission).
Discussion
In 2005, we found the first disease-specific H. pylori virulence factor that induced DU and had a suppressive action on GC, which we named as dupA (7) . Although recent metaanalysis showed that dupA was associated with DU, the association of dupA on clinical outcomes is different in different populations (21) . Interestingly, Gomes et al. reported that there were frameshift mutations in 14/86 (16%) of dupA (10) which created a premature stop codon and may have considerable effects on protein expression or function. It is clear that strains with these mutated sequences would not produce intact DupA protein. Intriguingly, the presence of dupA without stop codon was more frequently found in strains from patients with DU than gastritis and GC in their following study (16) . However, importantly, there were few point mutations in dupA in our strains studied, suggesting that frameshift mutations do not an important issue to be considered for evaluating the intact status of dupA in Japanese population, at least in Okinawa.
In our initial study in 2005, primer pair for dupA was constructed based on strain J99 (7). However, full-sequenced data of H. pylori revealed that the length of the dupA depends on the strains; dupA of strain Shi470 is approximately 600 bp longer than that of strain J99 due to the extension of the 5' region of dupA (13, 14) . Strains Gambia94/24 and J99 are chimera in comparison with other strains. The recombination point is located at the position −67 bp from the start codon of jhp0917 of J99. It is not clear whether the evolution of dupA are related with this chimera or not. In all previous studies, the 5' region has not been taken into account in investigating the importance of dupA. Importantly, we found that long-type dupA, but not short-type dupA was significantly associated with severe gastroduodenal diseases. In addition, we found that frameshift mutation was found in only six strains (7.1%) in long-type dupA, which inconsistent with previous reports from other countries (10, 16) . Importantly, the presence of intact long-type dupA was superior distinguishing marker than cagA for severe gastroduodenal diseases. Our data suggest that intact long-type dupA might produce a functional DupA protein. In contrast, non-intact long-type dupA may not produce functional DupA protein. This might be the reason why the importance of dupA on clinical outcomes was conflicting in different studies. The previous information gained from PCRbased methods without taking long-type dupA into account must be interpreted with caution.
In our previous study, in vitro experiments showed that the presence of dupA was associated with increased susceptibility to low pH (7) . Recent study showed that the gastric acid output was significantly higher in the dupA-positive than the dupA-negative group (22) . These findings assume the positive association between the presence of dupA and DU. However, intact long-type dupA was significantly associated with GU and GC, but not with DU in the present study. Although our meta-analysis showed no association between dupA and GC, several studies showed the positive trend for dupA and GC (21) . Initial experiments showed that the presence of dupA was associated with increased IL-8 production from both in vitro and vivo (7) . Furthermore, one study showed that the presence of dupA is associated with increased IL-8 production from gastric mucosa in vivo (15) . Importantly, in vitro experiments using dupA mutants showed that dupA substantially increased H. pyloriinduced IL-12 production by CD14 + mononuclear cells (15) . The production of other Th1-associated cytokines and IL-8 were also modestly induced by the cells. These data suggest that dupA-positive H. pylori can also be associated with GU and GC by inducing inflammatory cytokines but not increased gastric acid. It is necessary to examine whether intact long-type dupA strains can induce the inflammation or not in the future study.
In addition, the vir genes exist before and after the region of the dupA locus (23) . In strain Shi470, for example, virB2, virB3, virB4 (dupA), virB8, virB9, virB10, virB11, virD4, and virD2 were detected (13) . These are structurally similar to the T4SS called cag PAI and ComB and thought to be the third T4SS. These observations suggest that only strains that are intact dupA-positive and form a novel T4SS might be involved in gastroduodenal diseases. Intriguingly, we recent reported that complete dupA cluster (possessing dupA and all adjacent vir genes) was significantly associated with DU in the United States (24) . Nevertheless, the presence of intact long-type dupA alone was significantly associated with severe outcomes in this study. At this point, we have not examined the presence of complete dupA cluster in Okinawan samples. Complete dupA cluster with intact long-type dupA might be true virulence factors. Further study from other geographic area will help to elucidate of the importance of intact long-type dupA and complete dupA cluster.
However, our study includes several limitations. The cagA-negative strains in this study were relatively prevalent than that from other part of Japan (17) . This finding was consistent with previous study from Okinawa (25) . Okinawa consists of islands in southwestern Japan. Though the prevalence of H. pylori in Okinawa is not different from other part of Japan (26, 27) , the incidence of GC (6.3 deaths/100,000 population) in Okinawa is the lowest in Japan (mean mortality rate of Japan; 11.8 deaths/100,000 population) in 2009 (This is available in the Center for Cancer Control and Information Services, National Cancer Center, Japan, http://www.ncc.go.jp/.). Recent our study showed that H. pylori strains in Okinawa were different from typical Japanese strains (19) . Therefore, we cannot apply as representative of Japan. Further study from other part of Japan is necessary to confirm the importance of intact long-type dupA in Japan. Second, our study was based on the results of PCR. Among 103 dupA-positive strains, 21 strains (20.0%) showed positive with primer sets only for short-type dupA but not long-type one. It remains unclear whether short-type dupA without mutation produce a functional DupA protein as well as intact long-type dupA. Measuring intact DupA protein using immunoblotting techniques will be necessary in the future study.
In conclusion, intact long-type dupA was significantly associated with GU and GC from gastritis in Okinawa, Japan. Interestingly, intact long-type dupA was superior marker than cagA. These observations suggest that only intact long-type dupA-positive strains might be involved in gastroduodenal diseases. Table 2 Oligonucleotide primers used for DNA sequencing of Helicobacter pylori dupA 
